Cacyreus marshalli (Butler, 1898) is the only alien butterfly species in Italy, introduced from Southern Africa via the trade of ornamental Pelargonium plants (family Geraniaceae). In 2008, Quacchia and colleagues demonstrated that if Pelargonium plants are not available, females can lay eggs on Geranium spp., developing fertile offspring. C. marshalli is a thermophilous species, but in recent years some adults have been observed flying far from villages and at high altitudes (up to 2400 m a.s.l.) in the Orco valley (Gran Paradiso National Park, Aosta Valley). Due to the potential threat to native Geranium-consuming lycaenids and to evaluate the risk of naturalisation, we investigated: (i) dispersal abilities of gravid females, outside the National Park to avoid accidental establishment of the invasive species; (ii) pelargonium distribution and abundance; (iii) oviposition behaviour and preimaginal distribution; (iv) citizen care practices with pelargoniums. Pelargoniums were counted in the Orco Valley (5455 plants) and eggs and larvae were counted on 348 pelargoniums chosen on the basis of isolation and altitude. Flight experiments suggested that females were able to overcome barriers and fly at least 550 m looking for host plants. Eggs and larvae were unexpectedly abundant, but models showed that there was a temperature limit which prevented upward expansion of C. marshalli. Citizens were given a questionnaire to complete to investigate their propensity to replace pelargonium with other ornamental plants. We discuss the possibility of eradicating C. marshalli in the protected area in the light of our results.
1 3 (Anastassiu et al. 2010) , Turkey, Albania, Republic of Macedonia and Bulgaria.
In South Africa, the main larval host plants of C. marshalli are Pelargonium spp. and Geranium spp. (Clark and Dickson 1971) . Eggs are laid near the flower buds or less frequently on the leaves, and caterpillars are found within buds or inside stems. Entrance holes in buds and stems are easy to detect, and once they are attacked the stems turn blackish. C. marshalli is polyvoltine, producing up to six generations per year. In Italy, its flight period extends well into September or October (Favilli and Manganelli 2006) .
In Italy, and in particularly in the Alps, several cultivars of Pelargonium are used to decorate balconies, terraces, gardens and cemeteries. The reasons are both historical and practical, and the use of Pelargonium is thus deeply entrenched in Italian garden culture. This custom, coupled with a good resistance to drought and hot or cold weather, makes Pelargonium popular balcony plants.
Until now, C. marshalli distribution was linked to the commerce of ornamental pelargoniums and to their use and maintenance. Spain, Germany and the Netherlands are important producers and exporters of pelargoniums.
Nevertheless, in 2008 we tested the possibility that, at least in captivity, C. marshalli can develop on native Geraniaceae (Quacchia et al. 2008) . Through experiments of multiple choice and no-choice we have observed that: (i) some cultivars of Pelargonium, notably P. peltatum and P. zonale, are particularly appetizing for C. marshalli. These cultivars are also the most widespread ornamental plants in the Italian Alps. (ii) If Pelargonium plants are not available, the females can deposit eggs on different species of Geranium (in particular G. sanguineum, G. pratense and G. sylvaticum) , and fertile offspring are produced from these eggs. In addition, in recent years we have observed adult specimens of C. marshalli even at high altitudes and far from villages (and therefore far from the Pelargonium). In particular, in 2015 in two Italian natural protected areas (Gran Paradiso National Park and Val Grande National Park), sporadic adult individuals were surprisingly observed at altitudes of 1200-2400 m far from villages.
Due to the potential threat to native Geranium-consuming lycaenids (Quacchia et al. 2008) , in order to evaluate the risk of naturalisation, Gran Paradiso National Park (GPNP) promoted a project of census and eradication of the alien lycaenid in the protected area. C. marshalli has no natural enemies and naturalization could possibly lead to the decline of some native Italian lycaenids, such as Aricia spp. and Eumedonia eumedon (Esper, 1780) , which feed on Geranium spp.
The hypothesis of naturalization of the alien lycaenid in alpine habitats has some supporting evidence: (i) in the Italian Alps, pelargoniums are widespread even in small villages; (ii) many inhabited centres are small and surrounded by forests and meadows where many Geranium species grow naturally. (iii) Pelargonium flowers do not provide nectar, and many observations report that C. marshalli adults take nectar from a range of different species of Geranium; (iv) The possibility of a shift in the host plant of choice can be due to gravid females erroneously depositing eggs on different Geranium species. If the two species are close and the second one is used as a source of nectar, this error is more likely to happen (García-Barros and Fartmann 2009).
Any shift in host plant preferences implies potential changes in selection pressures for Geranium species and for Geranium-consuming lycaenids species and could therefore affect evolutionary processes.
To quantify the probability of naturalization and determine possible eradication methods of the invasive lycaenid, the objectives of this study were to estimate: (i) dispersal abilities of gravid females; (ii) Pelargonium distribution and abundance; (iii) oviposition behaviour and preimaginal surveys; (iv) citizen involvement concerning their care practices with Pelargonium plants, via a questionnaire. In the last decade, scientists have frequently used questionnaires in ecology to involve the public in species management and to collect data in an economic way (White et al. 2005 ).
Materials and methods

Study sites and sampling design
Test flights: female choice
The field study of the dispersal abilities of females was carried out in a different area outside the National Park territory where the lycaenid was already present and abundant, to avoid artificial introduction of the invasive species. Two close sites in the Biella province (centre-north of Piedmont) were selected to perform experiments on the behaviour of C. marshalli females. The first site -Rosazza, is characterized by the presence of G. sylvaticum and Pelargonium zonale, and the second area in Baragge di Candelo, where pelargoniums and geraniums were not present. Tests were conducted in three different natural environments, where plants were placed and removed, namely: -in the presence of both G. sylvaticum and Pelargonium, to evaluate the preferences of females during oviposition; -in the presence of G. sylvaticum, with Pelargonium at a reachable distance, to study the propensity of females to use Geranium spp., when the primary larval host plant, Pelargonium, is not visible; -in the presence of G. sylvaticum and absence of Pelargonium, to study the propensity of females to use Geranium spp. when Pelargonium spp. are not available.
For the first test, we placed three Pelargonium plants at opposite corners of a hypothetical 10 × 10 m square where G. sylvaticum was naturally present. During the second test, we removed the Pelargonium plants from the square, which were present on the Rosazza balconies, to a distance of about 400 m away; G. sylvaticum was naturally present at a distance of 70 m. The third experiment was conducted in Baragge di Candelo, where we placed three plants of wild geraniums taken from the Rosazza site, and where the nearest pelargonium plants were located at about 3 km from the study area.
For each test, once the coupling of C. marshalli had occurred inside a small isolator, we released five gravid marked females and we carried out ethological observations of egg-laying behaviour during the search for host plants.
After observing the butterflies' preferences for Geranium or Pelargonium plants, in particular the most attractive P. zonale and P. peltatum, we then tested their behaviour in the presence of other less palatable Pelargonium cultivars, namely P. odoratissimum (lemon and tip-top2 types). To perform these observations we selected another site, namely Caselette in the south-west of Piedmont, characterized by wide open spaces alternated with small wooded areas, and a high abundance of Geranium spp. C marshalli butterflies were already present in the site, while plants of Pelargonium spp. were located over 400 m away on houses balconies, far enough not to interfere with the experiments.
C. marshalli adults employed during the tests were previously reared on plants of Pelargonium zonale and P. peltatum inside Plexiglas boxes (1.5 × 0.7 × 1 m).
We placed one plant of P. odoratissimum lemon and one of the tip-top2 variety at a side of a hypothetical 10 × 10 m square. We placed the plants of Geranium pusillum, G. nodosum, G. robertianum and G. sanguineum on the opposite side of the square. Mated females were marked and released individually in close proximity to the Geranium spp. We carried out ethological observations of the egg-laying behaviour of seven females during the search for host plants, recording all behaviours (resting, foraging, egg deposition, flight and dispersion), the relative time periods and the GPS points of each stop.
Test flights: propensity to overcome barriers
In 2017, we evaluated the ability and propensity of gravid females to overcome natural barriers, represented by trees (about 20 m high). In our experimental design of this study, only Geranium spp. were visible and directly available, while the first plants of Pelargonium spp. were about 150 m away and hidden.
We chose two open areas in a natural context, represented by the montane belt of the Gran Paradiso National Park, NW Italian Alps (1200 m a.s.l., Noasca municipality, Orco valley), with two different environmental matrices characterised by different degrees of permeability. The first area (A) was surrounded by wooded zones for three quarters of its perimeter and then connected to a village with a high availability of Pelargonium spp. by an ecological corridor (a gravel road about 340 m length; Fig. 1 area A). The second area (B, Fig. 1 ) was completely surrounded by tall trees and with no direct connection with the village, the distance of area B from the centre of Noasca village was about 310 m.
We collected caterpillars found on Pelargonium spp. in the village and reared them in the laboratory on Pelargonium spp. (one pink P. zonale and one red and four pink P. peltatum) until emergence of the adults. For raising butterflies, we collected 50 caterpillars and 23 adults (13 females and 10 males). We marked and released 20 gravid females (10 for each area), mated under control conditions, and recorded and timed their behaviour (resting, feeding, low-flight and high-flight) and the GPS points of each stop for 2 h (or until we lost them). We calculated distances moved using QGIS 2.14.2 "Essen" software (2016).
After 2 h, we recaptured all the females that had remained in the study area and we searched the village for marked females.
Pelargonium and preimaginal stage survey
To analyse the distribution pattern of C. marshalli away from strictly anthropic environments, we studied the entire Orco Valley, 550-2200 m a.s.l. (Table 1 ). At first, we made a complete census of Pelargonium spp. exploring all the municipalities, small villages and mountain huts, travelling about 90 km. For each Pelargonium plant, we collected the following information: cultivar, presence and colour of flowers, habitat, health status of the plant, and GPS point. To obtain presence/absence data and create a Pelargoniums density map, we also noted when no plants were present.
After establishing that Pelargonium plants were widespread and abundant in the target valley, we surveyed the presence and distribution of C. marshalli preimaginal stages. In particular, we addressed the following questions:
For investigating these questions, we selected 24 study sites based on an altitudinal gradient (from 550 to 2200 m a.s.l.), an isolation gradient (distance from city centre), and abundance of Pelargonium plants. We then carefully inspected Pelargonium leaves, stems and blossoms, recording the number of eggs, caterpillars, pupae and feeding damages on blossoms or stems, in the selected areas.
Questionnaires
We produced a questionnaire to submit to local citizens to collect information on the purchase and maintenance of pelargoniums. Information about pelargoniums included four sections, namely resident's personal information (permanent or seasonal residence, directly inside the park or within a radius of 10 km from the park borders), information about Pelargonium (colour, quantity, cultivar, place of purchase), Pelargonium care, and interviewer propensity to replace Pelargonium with other garden species. We also involved municipal administrations and associations that take care of the local urban gardens.
Data analysis
Test flights
Using QGIS 2.14.2 "Essen" software (2016), we evaluated the individual movements of C. marshalli. We calculated distances covered by adults, distances from Pelargonium plants and distances from natural barriers.
Pelargonium and preimaginal stage survey
We overlapped a 250 × 250 m grid over the study area and our pelargonium data to create a Pelargonium density map, using QGIS 2.14.2 "Essen" software (2016).
To understand how isolation, altitude and Pelargonium abundance affected the (i) presence/absence of eggs, (ii) abundance of eggs, and (iii) abundance of all presence signs (infestation degree), we performed three different generalized linear mixed models. To calculate the infestation degree, we merged every indication of preimaginal stages (eggs, larvae and pupae) and every sign of feeding (holes in blossoms and stems) into a binary variable. We analysed data using generalized linear mixed effect models (GLMMs) with a binomial response (presence/absence data) and a Poisson distribution (abundance data). To make all covariates comparable we standardised them (Becker et al. 1988 ) and verified their independence. For further analysis we only used variables that were not strongly correlated (Pearson correlation r < |0.7|; Dormann et al. 2012) . We considered three continuous variables as covariates, namely altitude, distance from city centre (isolation), which often corresponds to the distance from the cell with the highest number of pelargoniums, and Pelargonium abundance. We considered site as a random effect variable and we included the above-mentioned variables as fixed effects. We calculated the R 2 s with "MuMIn" package (Barton 2016) , which for GLMM can be categorized as conditional or marginal. The conditional R 2 represents the variance explained by both the fixed and random factors, whereas marginal R 2 could be interpreted as the variance explained by the fixed factors. We performed analyses using R software, version 3.4.3 (R Core Team 2017).
Questionnaires
We calculated relative frequencies based on citizen answers to the different questionnaire sections (resident information, Pelargonium information, Pelargonium plant care and propensity to replace Pelargonium).
Results
Test flights: female choice
During the first test carried out in the province of Biella, all the five females laid their eggs on Pelargonium; the wild Geranium was visited by four females, and used as a nectar source but never chosen as a host plant. During the second experiment, three butterflies out of five reached the village and laid eggs on Pelargonium plants, located 400 m away, in less than 24 h. As in the first experiment, no females chose the wild Geranium to lay eggs, but they did use it as a nectar source. During the third test, none of the butterflies laid eggs on G. sylvaticum and all the five females moved away from the site. We left the wild Geranium plants in the field and checked again every day for 3 days, but no eggs were detected. The marked females were not recaptured in the study area and were not found even near the closest Pelargonium plants.
During the first test individual females were followed for a maximum of 84 m and a minimum of 51 m; during the second test they were monitored for a maximum of 323 m and a minimum of 162 m; during the third test, C. marshalli specimens were followed for a maximum of 538 m and a minimum of 101 m (Fig. 2) .
During the experiment in Caselette, seven females were marked and followed for a total of 424 min. Females were followed individually for a minimum of 3 min, and up to a maximum of 133 min, with an average time of 1 h per specimen, before being lost to observation.
Analysing the adults' feeding data, we observed that C. marshalli females spent on average 35 min (± 10.84), 59%, of their time in this activity. In our trials females preferred the plants of Geranium spp. and Pelargonium spp. In particular, out of a total of 245 min, 228 min were spent near Geranium plants and only 17 min on Pelargonium plants, with an average time of about 33 min and 2 min per sample, respectively.
Comparing the time spent feeding on plants of Geranium spp. and the time spent on other plants present in the study area, there was a preference for Geranium spp., with a prevalence of G. pusillum.
Only two of the seven females laid eggs on the tested plants, one laid five eggs on G. sanguineum and the other, five eggs on P. odoratissimum lemon-type, not considering the tip-top2 variety. Each female laid eggs individually on different parts of the same plant, and realized the selection in a very careful way.
Test flights: propensity to overcome barriers
In total we followed 20 females for 1033 min, and on average we observed each specimen for 54 min. Butterflies spent most time feeding, 462 min in total. They flew, on average, for 29 m (± 9.3) in meadows with an ecological corridor (gravel road), and 18 m (± 6.9) in meadows without an ecological corridor (completely surrounded by wood). We recaptured only three butterflies at the end of the 2 h, we lost seven females inside the study area, while another ten females flew over trees. Therefore, during dispersal trials, 50% of females overcame barriers, eight in area A and two in area B (Fig. 1 ).
Pelargonium and preimaginal stage survey
In the Orco valley, we counted 5455 Pelargonium plants, and Locana as the municipality had the greatest number of plants, 2882 in total. The number of plants per citizen was 4.5 in Ceresole Reale, 5.9 in Noasca, 2 in Locana and 1.1 in Sparone. Pelargonium density was thus variable (Fig. 3) in our 250 × 250 m grid cells and the highest density was in Locana cemetery (392 plants per cell).
During the preimaginal stage survey, we analysed 348 Pelargonium plants. We found that about 42% of these plants were colonised by C. marshalli, with a total of 146 plants that hosted at least one caterpillar, one egg or one pupa. We counted 524 eggs, 50 larvae, 13 pupae and 215 signs of damage on the plant (like holes in blossoms or stems).
From the three different models (GLMMs), it was evident that altitude is the only covariate that significantly affected all three dependent variables. Presence and abundance of eggs, as well as the degree of infestation all decreased with the altitude. The distance from the city centre (isolation) and areas with high host plant availability appear to have a low (non-statistically significant) negative effect (p value < 0.062) on abundance of eggs ( Table 2 ). The random effect factor, site, was an important variable when values of both R 2 s were observed. Questionnaire We collected 26 questionnaires in total from three small villages in the Orco Valley. Citizens that completed the questionnaire were mainly female residents (23) and were 52 years old on average. Two abundance classes of Pelargonium plants were present in the survey area; one class with 6-10 plants (23%) and the other class with 21-25 plants (23%). Only 20% of people observed serious damage on their plants, in general only slight damage was found on Pelargonium (42%) or a total absence of damage (38%).
People usually buy their Pelargonium from garden centre (84%), and sometimes in small village exhibitions (8%); one person purchased their plant from a flower market and one person reproduced the pelargonium by cuttings from other pelargoniums. Nearly two-thirds of people interviewed (62%) stored their plants indoors during the winter season, while the remaining people replaced their plants every year. Eighty percent of those questioned did not use pesticides on their Pelargoniums. Half of the interviewed citizens would replace their Pelargoniums with other ornamental plants, but the other half preferred Pelargonium plants compared to others because they are very resistant, require little care and bloom throughout all summer months (Appendix S1). In our survey, we found that the most widespread Pelargonium species in the Orco valley were P. peltatum and P. zonale whose flowers are principally pink or red. These species are different in colour and shape from their wild ancestors. In the wild in South Africa, P. peltatum and P. zonale flowers, are lilac and pink like the flowers of Geranium spp.
In a previous study (Quacchia et al. 2008) , researchers demonstrated how, in captivity, C. marshalli larvae can grow and complete their life cycle by feeding on some wild species of the Geranium genus, i.e. shifting to a different host plant. With data from our study, we have brought new and unexpected evidence about the possibility that this also occurs in nature. In fact, from our research, we found that gravid females (i) spend long time feeding on geranium flowers (ii) are able to fly for great distances searching for suitable plants to oviposit and (iii) during flight, females can overcome natural barriers.
From our experiments, we found that females prefer Geranium plants as a nectar source, with the time spent feeding on geraniums was about 13 times higher than that spent feeding on Pelargonium plants. Geraniums are widespread and occur in many habitats and change display to have flowers in shades of lilac, pink and white. We could explain these preferences in light of the fact that geraniums in bloom have the same colour as wild Pelargoniums, and attract butterflies more than other flowers. Butterflies have different natural colour preferences, which can vary between families, genus, species and sexes (Weiss 2001) . Colours probably reflect the quality of different types of nectar sources. P. odoratissimum flowers are small and pink, but females did not select them for feeding. This could be due to the mechanisms of butterflies to locate flowers that firstly include vision, but also olfaction in a second phase (Andersson 2003; Ômura and Honda 2005) . Relatively little is known about the role of olfactory cues in the search of host plants or nectar sources (Schäpers et al. 2015) , but probably P. odoratissimum, despite having small pink flowers, have an odour that does not elicit feeding. Tisserand (1985) reported that in P. odoratissimum the whole plant is aromatic, not only the flowers, and has apple-scented leaves. On the contrary, Geranium spp. have a much weaker odour. These preferences, coupled with a propensity to lay eggs on wild geraniums, could facilitate a shift in the host plant or, at least, a widening of the host plant selection.
Some species belonging to the Cacyreus genus use Geranium spp. as host plants, namely C. dicksoni (Pennington, 1962) , C. fracta (Grünberg, 1911) , C. lingeus (Stoll, 1782) and C. audeoudi (Stempffer, 1936) . They may have already increased the variety of host plant use in the past, or this could happen in the future (Otto et al. 2013) .
Moreover, several species use the same plant as a source of nectar and larval food. This behaviour gives strong advantages for butterflies, for example (i) by pollinating their host plants, butterflies enhance their reproductive success, and consequently their own reproductive success, (ii) a butterfly requires only host plants for all its needs, so it can spend more time to expanding its geographical range, in fact females only have to find a single target for both feeding and laying eggs (García-Barros and Fartmann 2009).
The use of geranium flowers as sources of nectar for gravid females may be a key element in determining a host plant shift. In fact, a gravid female can lay an egg during feeding activity even by mistake. This error, as demonstrated by laboratory experiments (Quacchia et al. 2008) , can generate fertile offspring which develop by feeding on native geraniums.
This event was not unlikely in the light of the incredible abilities and propensity of dispersal demonstrated by gravid females during our experiments in their natural environment. Indeed, when the host plants fully satisfied female requirements, eggs were laid individually on different parts of the same plant, but when the host plant was absent, C. marshalli butterflies were able to fly far away from the release point, in order to search for Pelargonium.
Butterflies principally move from their natal microhabitat for two reasons, namely searching for nectar sources and/or locating larval host plants (Sekar 2012) . In our experiments, in fact, C. marshalli famales overcame natural barriers, in absence of pelargoniums, probably to look for host plant, since that nectar sources were present. .
The potential to disperse depends on species, abiotic factors such as weather, heat wind currents, and also sex and morphological traits like wingspan (Dennis et al. 2013) . Wingspan is, in fact, positively correlated with dispersal ability (Öckinger et al. 2010) . Our target species wingspan is less than 0.5 cm (http://www.metam orpho sis.org.za/) so we suspected a low flight ability and a relative low propensity to overcome barriers. Instead, in our experiment, C. marshalli showed a good ability to disperse, and was able to overcome barriers and fly away for about 500 m when host plants were not present.
Butterflies and many others animals prefer to fly across natural or artificial corridors during dispersion (Haddad 1999) . However, in our first dispersal experiment in area A, we observed that even in the presence of ecological corridors, females overcame barriers (riparian wood, transitional woodland) of study areas with tall trees. Therefore, they do not only use direct connection as a way to move around habitats.
The flight abilities of C. marshalli demonstrated during test flights could increase dispersal potential. Both the distance travelled and the ability to overcome natural or artificial barriers, coupled with the high availability of host plants could permit an important expansion in the park territory.
In mountain environments, weather is variable and climate conditions are extreme, thus possibly decreasing dispersal abilities, in fact in alpine contexts, lower temperatures and variable wind conditions could affect flying distances or may force individuals to fly close to the ground (Junker et al. 2010 ).In our study areas, located at 1000 metres altitude, Geranium bronze butterflies did not show a decrease in their movement ability; in our experiment we observed that they were able to pass above the tree canopy.
Generally, native localities of Pelargonium (South Africa) have low rainfall or, in any case, rain is concentrated into just one season. However Pelargonium have colonized many areas, but about 80% of these are associated with the Mediterranean climate and vegetation (Miller 2003) . These habitat restrictions could also involve C. marshalli, limiting its potential distribution and expansion in the Alps. Our results showed that altitude is a limiting factor for the distribution of C. marshalli. The presence/absence and abundance of eggs, as well as degree of infestation were negatively related to increasing altitude. Altitude is a key factor of mountain environments and has a fundamental role in mountain climates, controlling precipitation and temperature changes over short geographical distances (Beniston 2006) . In particular, temperature decreases with height (Fang and Yoda 1988; Rolland 2003) , thus allowing higher altitudes to be considered as a proxy of colder temperatures. According to this relationship, we suggest that the expansion range of C. marshalli is potentially limited by temperature constraints. Although at higher altitudes (lower temperatures) the host plants were abundant (Fig. 3) , we found a lower number of colonized plants, highlighting that sites located at a higher elevation were less suitable for the invasive butterfly. In fact, despite citizens, tourists and accommodation facilities host lots of new plants of Pelargonium every year, and the number of pelargoniums in Ceresole Reale is very high, the number of preimaginal stages is lower compared with other municipalities. Moreover, as demonstrated by our analysis, isolation do not affect the infestation level, therefore we can easily exclude that C. marshalli expansion is not yet finalized, but maintain that his expansion is affected and probably controlled by temperature.
For the South African species, overwintering in an alpine habitat is impossible, unless there is human intervention. Questionnaire results, indeed, suggest that more than half of the citizens interviewed do protect their plants from the winter by placing them in cellars or basements. This habit may allows overwintering and survival of C. marshalli preimaginal stages in an otherwise unsuitable environment. Citizen collaboration with scientists could be helpful to partially solve problems with invasive species monitoring (Bonney et al. 2009; Crall et al. 2013) . Educating people to detect and identify an alien species may help in preventing species spread (Kiritani and Yamamura 2003; Crall et al. 2015; Maistrello et al. 2016 ). In our case, the number of questionnaires was too low to perform statistical analysis, however they were an essential tool to obtain information about people's habits and opinions. We noticed that some citizens do not protect plants in cellars, but buy new pelargoniums every year for their balconies and gardens. Therefore, if Pelargonium vendors do not treat plants to preventing oviposition by C. marshalli, or do not directly remove eggs or larvae, buyers will bring new potential specimens to their houses every time they make a purchase.
According to our results, we consider the eradication of C. marshalli from Gran Paradiso National Park territory to be impossible to implement, since Pelargonium plants are too high in number and too widespread. However, interaction between researchers and local people may lead to good practices of collaboration. Citizens educated by researchers to recognize larvae and/or eggs, could directly contribute to reduce the infestation numbers, removing any preimaginal stages from their pelargoniums.
A good solution could be a partial pelargonium replacement with other ornamental plants, for example in public spaces, like tourist offices, municipality buildings, public gardens, with the aim of reducing new colonisations. Replacements must be careful, in the light of C. marshalli flight dispersal abilities shown during our experiments. As a matter of fact, a total and rapid substitution of pelargoniums may facilitate a Geranium Bronze shift in host plant. As observed by Singer et al. (1993 Singer et al. ( , 2007 , Euphydryas editha in Nevada shifted from a declining native host species to an increasing invasive plant. Only in 8 years over of the 50% of larvae feed on the new host plant. The absence of the usual host plant could lead C. marshalli to lay eggs on Geranium spp., as established by Quacchia and colleagues (2008) , and increasing the naturalisation risk.
Finally, we can conclude that:
-although there are no proved evidences, some sporadic observations of adults across Europe could suggest an ongoing naturalisation process; -according to the experiments performed by Quacchia et al. (2008) , there is a real possibility of naturalisation; -the proximity of small villages to forest edges (with geraniums) increase considerably the risk; -in our survey we did not observe individuals far from urban areas, however a specific monitoring on adults is in progress to analyse this topic.
We suggest that it is fundamental to educate people in recognising signs of C. marshalli presence. Moreover, it would be necessary to plan a gradual replacement of pelargoniums with other ornamental plants in accordance and cooperation with municipalities, associations of hoteliers and citizens.
